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Process for sialylating glycoproteins 
Field of the Invention 



^ preset invert reia.es to genet* engineering, and provK* - ve, and 
Lent process for sialyl giycoprotelns. In the process sad prote,r* are 
ZZZ ^ recombinant yeas, c* express*, a stress enzyme 
as a fusion protein with Hsp150A carrier in the porous ceii wall. 



10 Background of the invention 

u cufture ^pdrt.ons, have 

their authentic form. The host ceil, as wen <» 

« ---:T;rrr::rr y rzr.erases, 

Z £L ,1* ^ secre.cn (Gramer e> a,.. M H- 
Jnblnan, mammalian proteins performed by •* »^» 

20 income*, or not author* (Cur..*, at * « 

a, a, 1992- Maiorella at a/.. 1993). For instance, cultured CHO and BHK 21 
It'll func^n* a2A**— and on, «-* 

. w^as human and rrouse ceiis decora,. 
» Liu. (Lee eta,., 1989). Lack of tormina, si* ac,d residues may or 

tteblood s*eam I. dramas increased. Proteins wHh exposed tormina, 
^Ise residues are removed from the circulaaon. severe, comprom,^ 

of the pharmaceu.ca. proteins (FuKuda - * 1 989, Sareneva - * 
1993; Szkudlinski er a/., 1993). 

30 ^enflc siaryKransferases are type « membrane grycoprotelns anchored 
He Goigi membrane. The catalyUc ecfodomain faces the Golg, lume and a 
Trt M line, segment the cytoplasm (Beld - Wainwrfcht, 199S, (see 
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Fto 1) we have consmKted a Sactfaromyces cerevfetee stein, which ex- 

^11 ectedomain o, ra . Mr ^-siaiyKransferase P™« 

prote,n (MatUla et a,.. 1996). Glycosyltensferases like man, mamma** , sec- 

L Ja,.. 1994). TTius we ,,r*ed ST3N. <o the C-tenminus o, me HspKO. 
po^epflde, which consiste of .he 321 N-«erm,nal amino a«ds of me **** 
2^, ^ HSP150 o, yeast (Ruaso « a,., 1992). The HsplSOA 
pTZe has been shown * promote proper W, and secret compe- 

2S«- foreign P— " * — < Sim0ne " r *T al o, 
1996 - Makarow. US patent No. 5.677.172). The 162 N-.erm,nai amino acute of 
ThspISO protein a*o promote foiding of foreign proteins and confer them 
le n competence. Thus - HsplSOA carrier is defined as an N-terrnma, 
fragmen. of the transia**. product of the HS01S0 gene ^ 
amino acid residues. The Hsp150A-ST3N. fusion protem was officer* sec 
Z in enzymaticaiiy active form, but adhercd W to me yeast cel, wa» 

le and CMP-NeuSAc .suited in 02.3-sia^on oHhe 
demons*a«ng ft* me substrates as we,, as me product P"-"" 
wall efficiency (Mattlla * * 1996). Previous*, heterologous prote,ns have 
0 oTTmmo Jized in the yeas, ceil wa,, e.g. by a fragment of the yeas, a-ag- 
0 ^protein (Schreuder - * 1993). whereas in here, me fusion prote,n as 
such is bound to the cell wall. 



25 



30 



Summary of the invention 



,„ mis inversion we show ft* surprisingly, afco whole giycoproteins can pe- 
JZe easily fte yeas, eel, wal, and reach me ST3N acfrvity. Several des,a»l- 

^ fte who,e Mng recomb,nan« yeas, ceils, which express a 
enzyme as a fusion protein wift Hsp.SOA carrier in me porous eel, wall. 
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,„ «. worx who,. Saccharoses cerate cells expressing the ca.a.ySo 

Lodem* of m Mr ' "» """" 

were used to complement siaMaflon of glycoproteins with na*ve conforma- 
tions incubator of the yeas, celis with desolated fetuln. prothrombin and 

gatactose residues of the protein-bound N-gfycans. The *. values o, me 
y east ce.. wall-borne enzyme for CMP-NeuSAc. N-ace.yltocK.sam.ne a* 
acto-N-tetraose were simiiar to .hose o, recombinant ST3N. produ^dln 
lns ect cells and of aumentic ra, liver ST3N. The recombinant yeas, strain 

slalylatlon of glycoproteins. 

Detailed description of the Invention 

, S ,n the following the process of the invention Is illusfrated by me experimental 
15 ZTofL sJUn of -ovine Plasmafaul, bo.ne prothrombin^ 
human transferrin by incuba«ng saM proteirs with CMP-NeuSAc and whole 
^ recom^nan, S. cerevfc/ae c* express.*, the cate** ectodoman o, 
rat liver cr2,3-sialyltransferase (ST3NJ. 

20 

Brief description of the drawings 

Ptaure 1. Aume-flc siaiyKransferases are located in the Golgi membrane 
(GM, The cafclyuc ecfodomain faces the lumen and a short N-term,nal se- 
as '2?^^™^^™"^"*°^! 

Is, ceifc ^fusion » N-.erm,nus Wed to me Oterm.nus of me 

edto me Irior of me yeas, plasma membrane ,PM). bu, remains bound to 
the cell wall (CW). 

30 Figure 2. Transfer of ("dNeuSAc to asialofetuin and asiatomudn by whole 
,1 celis express HSP150.-ST3N. In me ceil waii. (A, Delicate samples 
o, yeast stain H626 were incubated for 1-4 hours wtth 100000 cpm o, CMP- 
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rqNeu5Ac and aslalofetuln (closed circles), with completely sialylated fetuin 
open clK.es>. or wim asialomudn (diamonds,. Parental yeas, ce„s (H23) were 
incubated vrfth aslalofetuln (open squares). Al, incubaflons were in the presen- 
ce of 10 mM NaN,. (B) Aslalofetuln was incubated as above with NaN s (closed 
circles), or with 40 mM DTT (closed squares), or with 4% glucose (open * 
cies). or v*h 4% glucose and 40 mM DTT (open squares,. TCA-precprfated 
radioactivity is plotted against incubation time. 

Figure 3. MALDI-TOF mass Spectra of the N^lycans. Oligosaccharides 
,iberated from asialofeUan (A), or from asialofetuin incubated for 4 h (B, or 8 h 
« wKh H626 cells, in (A), skjnals were assigned to nonsialylated triantenna* 

olycans (m/z 2008. [M.HT; -* °™****»* 

glycans (mft 1665. [M+Nan. * A - K* "-onoslalylated biantennan, (m/z 
1956, pkN* mft 1978, p*4h**); monosialyWed Wantennanr (mft 
2321 [M+Nar; mft 2343, [M-H+2Na,*); disialylated trlantennary (m/z 2612. 
[M +N ar; mft 2634. PUMN4". raft 2656, (M-H+3Na)*, and trisia.yla.ed 
Lely *cans (mft 2903, |MW mft (M-H + 2Nar, were den- 
ted. The asterisk O designates matrix adducts typical to this mode of analyse 
(Nyman et al., 1998). 

Materials and methods 

SWins and media. S. cereylsiae sUalns H23 (Mata Ms3-11. 15 leu2-3 »2 
to a*2-l eant-tOO hsplSOMM* and H626 (Matt. M*-f ».« *»*- 
, 3 112 *»X-1 cmt-ioo vnaomrSnV (M-»- 
i 1996) were grown at 24-C In YPD medium consist of 1% yeas, exttact 
(Oxok. Ltd.. UK). 2% bacto peptone (Difco, Detroit. Ml) and 2% glucose (BDH 
Pharmaceuticais Ltd.. UK), or in synthetic complete (SC) medium (Simonen et 
al„ 1994) lacking tryptophane for selection. 

Sialyr.ransf.rase assays. Duplicate samples of 5 x 10' whole IMng yeast 
cells were incubated in 70 of 50 mM imidazole buffer, pH 7 (glycoproteins), 
or of 50 mM Tris-maleate buffer. pH 6.7 (oligosaccharides), either with 0.2 
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nmol (100000 cpm) of CMP-r 4 C]Neu5Ac (294 mCi/mmol, Amersham Interna- 
tional. Buckinghamshire, UK) or with saturating concentrations of unlabelled 
CMP-Neu5Ac (Sigma, St Louis, MO), and varying amounts of the acceptor 
substrates, in a shaker at 24*C. For determination of intracellular plus extra- 
cellular ST3N activity. 5 x 10 7 cells were lysed mechanically with glass beads 
(Mattila ef a/., 1996) prior to the slalyltransferase assay. Recombinant ST3N e 
(0.34 mU) produced in Sf9 cells (Calbiochem-Novabiochem, La Jolla, CA) 
was incubated at 37°C in 20 pi of 50 mM MOPS buffer, pH 7.5, containing 1% 
BSA. and 0.06 nmol of CMP-[ ,4 C]Neu5Ac (28500 cpm) or saturating , concen- 
trations of unlabelled CMP-Neu5Ac. and different amounts of the acceptor 
substrate. After sialylation. the proteins were precipitated with 20% TCA for 30 
min on ice and collected on filters for scintillation counting. Oligosaccharides 
were applied on columns of Dowex AG 1 (acetate form. BioRad, Hercules. 
CA) and Dowex 50 (H'form, Fluka. Switzerland). Neutral oligosaccharides 
were eluted with 4 ml of water and sialyloligosaccharides with 20 ml of 0.5 M 
acetic acid (Renkonen ef a/.. 1991). and subjected to scintillation counting. 
Fetuin. asialofetuin. asialoprothrombin, asialomucin, lacto-N-tetraose and N- 
acetyllactosamine were from Sigma. St Louis. MO. transferrin from the Fin- 
nish Red Cross, Helsinki. Finland, and prothrombin from ICN, Aurora. Ohio. 
Desialylation of prothrombin and transferrin was performed in 0.025 M H 2 S0 4 
for 1 h at 80°C (Spiro. 1960). whereafter the preparations were neutralized 
and ultrafiltrated using Centricon devices (cut off 30 kD) to remove the re- 
leased Neu5Ac residues and the ions. 

Isolation of N-glycans. After sialylation. the proteins were desalted on rever- 
sed-phase HPLC and the fractions dried in a vacuum centrifuge. The samples 
were dissolved in 10 pi of 20 mM sodium phosphate, pH 7.2, containing 1% 
SDS, and boiled for 3 minutes. After cooling, 75 pi of 20 mM sodium phos- 
phate. pH 7.2. 10 pi of 10% OGP and 1 U of N-glycosidase F (Boehringer 
Mannheim GmbH. Germany) were added and the mixtures were incubated at 
37°C for 3 days. Proteins and detergents were removed using a BondElut® 
C18-column (Analytichem International. CA. USA). The samples were diluted 
to 300 pi with water prior to loading onto the column, and the glycans were 
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eluted with 1.5 ml of water. Buffer salts were removed by drop-dialysis against 
water on VSWP 02500 membranes (Millipore, Bedford. MA, USA) (Bornsen ef 
a/., 1995). 

Mass spectrometry and CD spectroscopy. Matrix-assisted laser desorption/ 
ionization time-of-flight (MALDI-TOF) mass spectrometry was performed on a 
Biflex™ instrument (Bruker-Franzen Analytik, Bremen, Germany) equipped 
with a nitrogen laser operating at 337 nm. N-glycans were analyzed in the 
linear positive ion delayed extraction mode by using 2,4,6-trihydroxyaceto- 
phenone (THAP. 3 mg/ml in acetonitrile/20 mM aqueous diammonium citrate, 
1:1) as matrix. Samples were prepared by mixing 0.5 /il of drop-dialysed oli- 
gosaccharide solution (see isolation of N-glycans) and 0.5 /il of THAP matrix 
on the target plate, and immediately dried under vacuum to produce a thin 
homogenous matrix (Papac ef a/.. 1996). This mode of analysis causes little 
loss of Neu5Ac residues, and may be used for rapid quantitation of both sialy- 
lated and neutral oligosaccharides in a mixture (Nyman era/., 1998). The 
mass spectra were externally calibrated with Dextran 5000 (Fluka BioChemica, 
Switzerland). CD spectroscopy was performed using a JASCO J-720 spectro- 
polarimeter. The spectra were recorded in the far UV region (190-259 nm). 
Each spectrum was the mean of five scans obtained with a time constant of 
1 s and a speed of 20 nm/min. 

Kinetic studies. The !<,„ determinations were according to Lineweaver-Burke. 
To determine the activity of Hsp150A-ST3N o . H626 cells (5 x 10 7 ) were incu- 
bated with 0.4 mM lacto-N-tetraose and 10 mM CMP-Neu5Ac. The superna- 
tant was subjected to ion exchange chromatography over the Dowex columns 
and the eluates were concentrated and chromatographed over a Superdex® 
Peptide PC 3.2/30 column (Pharmacia. Sweden) (Nyman ef a/., 1998). The 
oligosaccharides were quantitated against external lacto-N-tetraose (Sigma) 
and NeuNAc (Sigma). 
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Results 

Transfer of [ 1, C]Neu5Ac to N-glycans of asialoglycoproteins. 

Authentic bovine plasma fetuin (M w 48 kD) carries three N-glycans (Spiro, 
1973; Rice ef a/., 1990). To study whether asialofetuin could penetrate the 
yeast cell wall and be sialylated by the ST3N activity, fetuin was desialylated 
by mild acid hydrolysis, and incubated with CMP-[ 14 C]Neu5Ac and the recom- 
binant yeast cells. Sodium azide was included in the reaction mixture to block 
intracellular protein transport to the cell wall or medium. Samples were remo- 
ved at different times, the cells were pelleted and the supernatants subjected 
to precipitation with trichloro acetic acid (TCA). Scintillation counting showed 
that the precipitated radioactivity increased with time (Fig. 2A, closed circles). 
The precipitated radioactivity was confirmed by mass spectrometry to be fetuin 
with covalently linked T 4 C]Neu5Ac residues (see below). Very little radioactivity 
remained cell-associated, showing that the sialylated protein and CMP-rC]- 
Neu5Ac did not adhere to the cells. When completely sialylated fetuin was 
incubated with the yeast cells (Fig. 2A, open squares), or when asialofetuin 
was incubated with the parental yeast cells lacking the HSP150A-ST3N e gene 
(Fig. 2A, open circles), no radioactivity could be precipitated. Authentic fetuin 
has, in addition to N-glycans, two O-grycans which have two Neu5Ac resi- 
dues each (Spiro, 1973). Sialylation by Hsp150A-ST3N e was specific for N- 
glycans, since no ["CJNeuSAc could be transferred to asialomucin, which 
carries only O-glycans (Fig. 2A, diamonds). 

The sialylation of asialofetuin was enhanced when the incubation with the 
recombinant yeast cells was carried out in the presence of dithiotreftol (DTT) 
(Fig. 2B, closed squares). DTT apparently increases the porosity of the cell 
wall of S. cerevisiae by reducing disulphide bridges, thus increased efficiency 
of sialylation was likely to result from enhanced penetration of asialofetuin into 
the yeast cell wall. Next we allowed Hsp150A-ST3N e to be synthesized and 
transported to the cell wall during the assay by omitting sodium azide and 
adding glucose to the reaction mixture. This resulted in doubling of [ 14 C]-sialy- 
lation of asialofetuin (Fig. 2B, open circles). When the recombinant yeast cells 
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were incubated in the absence of sodium azide with both DTT and glucose, 
["d-sialylation of asialofetuin was further increased (Fig. 2B. open squares). 
Also larger proteins like bovine prothrombin (M w 73.6 kD) and human transfer- 
rin (M w 79.6 kD) could be [ ,4 C]-sialylated, after removal of their NeuSAc resi- 
dues, by the recombinant yeast cells (Table 1). No radioactivity could be TCA- 
precipitated when the completely sialylated forms of these proteins were used 
as the acceptor substrate (Table 1). 

Efficiency of sialylation. Next we quantitated the degree of sialylation of the 
asialoglycoproteins. Two of the three N-glycans of fetuin are triantennary and 
one is biantennary. and thus asialofetuin has 8 terminal galactose residues 
(Spiro ef a/., 1973; Rice et al., 1990). Asialofetuin and saturating concentra- 
tions of unlabeled CMP-Neu5Ac were incubated for 4 h in the presence of 
NaN 3 with the recombinant yeast cells expressing Hsp150A-ST3N e . The cells 
were removed by pelleting, and the N-glycans were released by N-glycosida- 
se F digestion and analysed by MALDI-TOF mass spectrometry (Fig. 3). In 4 
hours, 31.7% of the terminal galactose residues were sialylated (Fig. 2B). 
When a parallel cell suspension was pelleted after the 4 h incubation, and the 
supernatant Incubated for another 4 h with a fresh batch of yeast cells and 
CMP-Neu5Ac (Fig. 3C). 55.3% of the galactose residues were sialylated. 
demonstrating that both completely and incompletely desialylated protein 
bound N-glycans could be sialylated. When the incubation was prolonged to 
16 h. Neu5Ac was bound to 61 .3% of the terminal galactose residues (not 
shown). A similar overnight incubation of asialotransferrin resulted in sialylation 
of 41 .5% of the exposed galactose residues. To ensure that desialylation of 
fetuin, prothrombin and transferrin by mild acid hydrolysis had not denatured 
the proteins, we subjected them to circular dichroism spectroscopy. The 
spectra of the sialylated and desialylated preparations were superimposable 
(data not shown). 

Kinetic properties of Hsp150A-ST3N.. Finally we compared the kinetic pro- 
perties of yeast cell wall Hsp150A-ST3N e and recombinant ST3N e produced in 
insect cells. The K„ values for asialofetuin. lacto-N-tetraose and N-acetyllac- 
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tosamine were similar (Table 2A). The relative ratios V„J*. demonstrated 
that both enzyme preparations preferred lacto-N-tetraose (type 1: Gal01- 
3GlcNAc) over N-acetyllactosamine and asialofetuin (type 2: Gal/J1-4GlcNAc) 
(Table 2B). The K,,, value of Hsp150A-ST3N e for CMP-Neu5Ac was similar to 
5 those reported by others for recombinant ST3N e from insect cells and authen. 
tic isolated rat liver ST3N (Table 2B). A one liter overnight culture containing 
18 g (dry weight) of yeast cells contained 117 mU of ST3N activity (lacto-N- 
tetraose as acceptor). 

10 According to the data presented here, whole living Saccharomyces cerevisiae 
cells expressing the catalytic ectodomain of rat ST3N as a Hsp150A-ST3N e 
fusion protein in the porous cell wall provide a convenient and inexpensive 
source of the transferase. The transferase needs not to be purified for use, 
and neither has the sialylated protein product to be separated from the trans- 

15 ferase. Purified transferases have a limited lifetime, whereafter activity is lost, 
whereas our recombinant yeast cells provide a self-perpetuating source of the 
enzyme. 



20 Table 1. Transfer of r 4 C]Neu5Ac to prothrombin and transferrin. The sialyl- 
ation assay was performed in the presence of NaN 3 as described in the Le- 
gend of Figure 1. 



Time 


Protein-bound [ 14 C]Neu5Ac (cpm) 




(h) 


Prothrombin 


Asialoprothrombin 


Transferrin 


Asialotransferrin 


2 


292 


3856 


428 


994 


4 


657 


9016 


341 


1885 



25 
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Table 2. Kinetic parameters of various ST3N preparations. The K„, values and 
the relative values are given for the Indicated acceptor substrates. 

(The highest value for is 100). In (A) CMP-Neu5Ac was available in 

saturating concentrations, and the protein or sugar substrate in varying con- 
centrations. In (B). lacto-N-tetraose was available in saturating concentra- 
tions, and varying concentrations of CMP-Neu5Ac up to 10 mM were mixed 
with a constant amount of CMP-[ 14 C]Neu5Ac. Enzyme preparations: 
Hsp150A-ST3N e in the wall of yeast cells; recombinant ST3N e from insect 
cells (rST3Ne); authentic ST3N from rat liver. 



(A) 





Asialofetuin 


Lacto-N-tetraose 


N-acetytlai 


ztosamine 




^(MM) 




Km 








Hsp150A-ST3N e 
rST3N. 


42.7 
34.4 


5.8 
10.9 


51.00 
43.0 


100 
100 


717.7 
1014 


5.9 
11.3 



(B) 





Km fcrM) for 


Reference 




CMP-Neu5Ac 




Hsp150A-ST3N e 


55.0 


this work 


rST3N e 


74.1 


Williams et al., 1995 


ST3N 


57.3 


Gross et al., 1989 
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Claims 

1. A process for slalylating glycoproteins, comprising incubating said proteins 
with recombinant yeast cells expressing a sialyltransferase enzyme or a frag- 
ment thereof as a fusion protein with Hsp150A carrier. 

2. The process according to claim 1, wherein the recombinant yeast cells 
express the catalytic ectodomain of rat liver a2,3-sialyltransferase (ST3NJ. 

3. The process according to claim 1. wherein the transformed yeast cells are 
Saccharomyces cells. 

4. The process according to claim 3, wherein the transformed yeast cells are 
Saccharomyces cerevisiae cells. 

5. The process according to claim 1. wherein the incubation is carried out in 
the presence of dithiotreitol. 

6. The process according to claim 1. wherein the incubation is carried out in 
the presence of glucose. 

7. The process according to claim 1. wherein the incubation is carried out in 
the presence of dithiotreitol and glucose. 
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